EXPERIMENTAL DETAILS. Silica spheres were rendered amphiphilic by modification of a method described previously [cf. Refs. [10] and [14] of the main text, and Fig. S1(a) ]. A submonolayer of 2 μm silica particles (Tokuyama), pretreated with piranha solution, was deposited on a glass slide and dried by evaporation. Electron-beam evaporation was then used to deposit 2 nm titanium as adhesion layer, followed by 25 nm gold onto the exposed hemisphere, the bottom hemisphere being protected by shadowing.
slide by sonication and collected in deionized water. To subsequently prepare twodimensional crystals, a dilute suspension of these Janus particles was injected into a sample cell for optical microscopy. Density mismatch caused the particles to quickly sediment to the bottom but levitated by electrostatic repulsion from the substrate, which was then slightly tilted (~1º) overnight (~12 hours). Between multilayers at the lower end of the sample cell and a dilute phase at the upper end, an extended area of monolayer colloidal crystal formed readily. After slowly adding millimolar quantities of NaCl, the particles became effectively close-packed. These samples were left overnight again, which homogenized the ionic strength throughout the sample and allowed the lattice distance to reach equilibrium. With this slow sedimentation technique, we were able to obtain single crystalline domains on the order of 50 particles on a side. For analysis, we selected only regions deep inside these single crystalline domains, usually roughly 20 particles on a side, regions without any positional defects. The resulting 2D crystals were then imaged under a Zeiss microscope in transmission mode using an air objective of 63× magnification (N.A. = 0.75), with 1.6× post-magnification. The images were captured using an Andor iXon EMCCD camera, usually at 10 frames/sec for fast dynamics or 1 frame/sec for long-time dynamics, for times up to 30 minutes. No aging was detectable during this time, as we confirmed by analyzing data at different stages of the time sequences. We did observe aging after 2-3 days, which stands as an interesting observation for future study. For each salt concentration, four independent single crystalline areas were imaged and averaged for analysis. To characterize the local environment, we first identified the number of attractive bonds N i for each particle i. An attractive bond is defined if both ˆˆ0 i ij   n r and
, where ˆi j r is the unit vector pointing from particle i to particle j. The particle trajectories were then divided into pieces in which N i stays unchanged. It is possible that a particle flips from one orientation to another while keeping N i unchanged. However, since the configurations that permit this are rare, and the barriers between two such orientations are high (especially when the hydrophobic attractions are strong), such events contribute minimally to our characterization.
SIMULATION MODEL. Our model is informed by experimental data that shows interparticle spacing to be essentially independent of particle orientation. Thus, within the crystal, salt-dependent electrostatic repulsion combines with gravitational pressure to 
where
and
Here, n i is the orientation of particle i , and r ij is the normalized center-to-center vector of the two neighboring particles, pointing from particle i to particle j. The angles  cut and  tail in these simulations take the values 89.0º and 1.0º respectively, making the interaction very flat within its attractive domain (cf. Fig. S3 ). In reality, some local Fig. S4 . The two types of sweeps are utilized to rapidly relax the system to a near-equilibrium state, and then to allow it to equilibrate further before data is taken.
Each trajectory is followed for an additional 5 10 MC sweeps, using the same maximum displacement as the "slow" moves. As these are local rotations, meaningful dynamic information can be obtained from sequential states. Some representative images of the system at different d /  are given in Fig. S5 . Five independent runs are performed for each  studied. An approximate mapping between the simulation and the experiment is achieved by noting that for a small change of salt concentration, d /  scales inversely with the square root of salt concentration (Ref.
[23] of the main text); this is utilized to connect MC dynamics with experiment (cf. Fig. 3 and related text in the main article).
Legends for Supplementary Movies
Supplementary Movie 1: Representative short-time dynamics of a two-dimensional Janus crystal at 2 mM NaCl. The movie is played in real time.
Supplementary Movie 2: Representative long-time dynamics of a two-dimensional Janus crystal at 2 mM NaCl, showing the overall pattern evolution. The true time difference between successive images is 1 minute. Large attempted displacements  relax the system more efficiently, whereas smaller displacements are more abundant experimentally, justifying our two-step approach to equilibration to first quench the system and then explore the local dynamics. However, one can still identify the slightly negative correlation for the first shell of neighbors, as well as a stronger positive correlation for the second shell, which is consistent with the radially averaged value shown in Fig. 2(b) . 
